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1. PURPOSE 
The purpose of this calculation is to evaluate the thermal performance of the naval long spent 
nuclear fuel (SNF) waste package (WP) under multiple disposal conditions in a monitored 
geologic repository (MGR). The scope of this calculation is limited to determination of thermal 
temperature profiles upon the surface of, and within, the naval long SNF WP. The objective is to 
develop a temperature profile history within the WP, at time increments up to 10,000 years of 
emplacement. The results of this calculation are intended to support the Naval SNF WP Analysis 
and Model Report (AMR) for Site Recommendation (SR). This calculation was performed to 
the specifications within its Technical Development Plan (TDP) (Ref. 8.16). This calculation is 
developed and documented in accordance with the AP-3.12Q I 'REV. 0 I ICN. 0 procedure, 
Calculations. 
2. METHOD 
The evaluation method to be employed is finite element analysis (FEA). The calculation is 
performed by representing a two-dimensional (2-D) cross section of the WP using the ANSYS 
code, as described in Section 4.1. The problem is solved parametrically for various WP spacing, 
with and without backfill, for 25 and 50 years of pre-closure ventilation, up to 10,000 years of 
repository emplacement using transient FEA. 
3. ASSUMPTIONS ' 
3.1 It is assumed that a 2-D finite element representation of the WP cross section midway 
along the axis will conservatively represent the WP by providing higher temperatures 
than would be expected in a 3-D representation. Inherent to this assumption is that axial 
heat transfer does not significantly affect the solution (i.e., the flow of heat in the radial 
direction is assumed to dominate the solution). The basis for this assumption is that the 
metal thermal conductivity and heat generation distributions are such that axial heat 
transfer is very small or negligible at the midsection. This assumption is used in Section 
5.1. 
Representing only conduction and radiation heat transfer inside the WP is assumed to 
provide conservative results (higher temperatures) for this calculation. The basis for this 
assumption is as follows. The fill gas placed inside the WP will allow natural convective 
heat transfer to exist; however, since the enclosed basket cavities are orientated 
perpendicular to the direction of gravity, convection cells of appreciable effect do not 
develop. Thus, the problem may be represented with only the dominant heat transfer 
modes, with a negligible andlor conservative impact upon the results. This assumption is 
used in'section 5.4. 
3.3 The properties of helium at a pressure of one atmosphere is assumed to be representative 
of the conditions that it will experience in the WP. The basis for this assumption is the 
fact that a one-atmosphere fill pressure at ambient temperature is representative of 
industry standard for storage casks. Page 4 of Ref. 8.4 indicates that the highest pressure 
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I to which storage casks are filled is approximately 1.5 atmosphere; also, most industry 
vendors use substantially lower pressure in their designs. Even though the internal 
pressure of the WP will increase due to the temperature rise, the thermal conductivity of 
most gases is pressure independent provided the mass density remains constant (Ref. 8.3, 
p. 255). Thus, using the thermal conductivity at one atmosphere is reasonable. This 
assumption is used in Section 5.2. 
3.4 The volumetric heat generation rate of the canistered naval fuel is assumed homogenous 
over the cross section considered for the calculation. The basis for this assumption is 
lack of information concerning the radial variation of the heat generation rate, and it is 
beyond the scope of this calculation to consider such minor effects. This assumption is 
used in Section 5.3.1. 
3.5 The calculation will represent half the WP cross section. The basis for this assumption is 
the following. The geometry of the cross section is symmetrical about the cutting planes 
of the representation. Therefore, the heat conduction paths will also be symmetrical, 
resulting in no heat conduction across the cutting planes. The radiative heat transfer 
across these cutting planes is assumed negligible relative to the radiative heat transfer in 
the rest of the cross section. This assumption is used in Section 5.4. 
3.6 The decay heat output of the Naval SNF Canister beyond 250 years after reactor 
shutdown is assumed to remain constant at the 250-year value of the design basis reactor. 
The U.S. Navy has not provided the values for reactor heat output beyond 250 years. The 
basis for this assumption is to show the Naval SNF WP provides appropriate internal and 
external temperatures for the Naval SNF Canister under conditions that bound all 
expected. This assumption is used in Section 5.1. 
3.7 The U.S. Navy has provided a lumped set of thermal values for Naval SNF Canister. It is 
assumed these values when smeared over the internal volume of the Naval SNF Canister 
accurately represent the actual thermal performance of the Naval SNF Canister. The 
basis for this assumption is necessity. No other information is available for the Naval 
SNF Canister. This assumption is used in Section 5.1. 
3.8 The U.S. Navy has provided a range of densities for the Naval SNF Canister. It is 
assumed the highest density value will bound all others for thermal storage. The basis for 
this assumption is to show temperatures for the surface of the Naval SNF Canister under 
conditions that bound all expected. This assumption is used in Section 5.1. 
3.9 The Navy canister is assumed centered within the W. The basis for this assumption is to 
simplify the representation and create the most thermally limiting configuration of 
components, ensuring that the model will give the highest possible temperatures within 
the WP. This assumption is used in Section 5.4. 
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3.10 The emissivity of stainless steel 3 1 6NG (nuclear grade) is assumed to be 0.60. The basis 
for this assumption is consistency with the range of emissivity for 316/316L material 
(0.57-0.66) given on p. 4-68 of Ref. 8.5. This assumption is used in Section 5.2. 
3.1 1 The boundary temperature history for a Naval Canistered Fuel WP is assumed to be 
bounded by the boundary temperature history for the design basis 21 pressurized water 
reactor (PWR) WP given in Attachments 1 through 10 and 13 through 20 of Ref. 8.6. 
The boundary temperature history for this WP is given for various WP spacing, with and 
without backfill, for 25 and 50 years of pre-closure ventilation, up to 10,000 years of 
repository emplacement. The basis for this assumption is that the 21 P W R  WP has a 
smaller diameter (1.564 m) and a higher heat generation rate (1 1.8 kW maximum), 
providing conservative temperatures within the WP. This assumption is used in Section 
5.3.2. 
< 
Waste Package Department Calculation 
Title: Thermal Evaluation for the Naval SNF Waste Package 
I Document Identifier: CAL-VDC-TH-000001 REV 00 Page 8 of 20 
4. USE OF COMPUTER SOFTWARE AND MODELS 
4.1 SOFTWARE APPROVED FOR QUALITY ASSURANCE (QA) WORK 
The FEA computer code used for this calculation is ANSYS Version (V) 5.4, which is identified 
by the Computer Software Configuration Item (CSCI) 30040 V5.4 and was obtained from 
Software Configuration Management in accordance with appropriate procedures. ANSYS V5.4 
will hereafter be referred to as 'ANSYS.' ANSYS is a commercially available finite element 
thermal and mechanical analysis code and is appropriate for the thermal analysis of WPs, WP 
emplacements, and WP environments as utilized in this calculation. 
The analyses using the ANSYS software were executed on a Hewlett-Packard 52240 
workstation. The software qualification of the ANSYS software, including problems of the type 
analyzed in this calculation, is summarized in the Software Qual$cation Report for ANSYS 
Version 5.4 (Refs. 8.7, 8.8, and 8.9). The ANSYS evaluations performed for this calculation are 
fully within the range of the validation for the ANSYS code used. Access to and use of the code 
for the calculation was granted and performed in accordance with appropriate procedures. Inputs 
to the ANSYS software are included as attachments and described in this calculation. 
4.2 SOFTWARE ROUTINES 
No software routines were used in the generation of this calculation. 
4 3  MODELS 
None used. 
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5. CALCULATION 
The number of digits in the values cited herein may be the result of a calculation or may reflect 
the input from another source; consequently, the number of digits should not be interpreted as an 
indication of accuracy. 
5.1 WASTE PACKAGE PROPERTIES 
The naval WP represented in this calculation contains a single naval Long SNF Canister. The 
WP cross section studied in this calculation consists of the inner barriers, outer barriers, and the 
naval Long SNF Canister. This WP is modeled in two dimensions (see Assumption 3.1). 
Table 1 lists the materials used in this calculation and their Unified Numbering System (UNS) 
designations. 
Table 1. Materials Used and Their UNS Designations 
I Alloy 22 I SB-575 NO6022 1 
11 Stainless Steel 316 I SA-240 S31600 1 
I NIA I 
NOTE: NIA - not applicable 
The naval canister geometry and materials used in this calculation are sketched in Attachment I. 
All properties of the naval fuel are assumed to be homogenous over the interior volume of the 
canister (Assumptions 3.6 through 3.8). 
5.2 THERMAL PROPERTIES 
Table 2 lists the density (Ref. 8.14, p. 7) and emissivity (Ref. 8.5, p. 4-68) of stainless steel 316. 
The emissivity is listed in Table 2 consistent with Assumption 3.10. The emissivity for the naval 
canister is 0.60 as specified by the U.S. Navy in Ref. 8.10, Enclosure 1, Page 4. Table 3 lists the 
thermal conductivity and specific heat of stainless steel 316. Values for thermal conductivity 
and thermal diffusivity are taken from Table TCD, Section 11, of Ref. 8.12, and are converted 
here to conductivity and specific heat in SI units. The conversion of thermal diffisivity (defined 
in equation 1) to specific heat requires the density listed in Table 2. Stainless steel 316 is listed 
in the 'reference by its chemical composition (1 6Cr- 12Ni-2Mo). 
Specific Heat (Btdb-  O F )  = Thermal Conductivity (Btuhr-fc. O F )  
Density (i'bJi) * Thermal D~fisivi ty  dft'h) (Equation 1) 
Table 2. Thermal Properties of Stainless Steel 316 
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Table 3. Thermal properties of Stainless Steel 316 
I 
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Table 4 lists the density of helium. Helium is used for the WP fill gas. The density is taken at 
one-atmosphere pressure (see Assumption 3.3) and a temperature of 300 K. Table 5 lists the 
thermal conductivity and specific heat of helium. All helium property values are taken from p. 
759 of Ref. 8.1 1. 
Table 4. Density of Helium 
Table 5. Thermal Conductivity and Specific Heat of Helium 
("c) Conductl vlty Heat (W1m.K) (Jlk0.K) 
260 -13.15 0.137 5193.0 I 
NOTE: ' Linearly interpolated from the data supplied in the reference. 
Table 6 lists the density and emissivity, and Table 7 lists the thermal conductivity and specific 
heat, of Alloy 22 used for the WP corrosion resistant barrier (inner barrier). The emissivity of 
Alloy 22 is taken fiom p. 10-297 of Ref. 8.13, as that of nickel-chromium alloy. The density, 
thermal conductivity, and specific heat are taken from p. 13 of Ref. 8.15. 
Table 6. Density and Emissivity of Alloy 22 
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Table 7. Thermal Conductivity and Specific Heat of Alloy 22 
5.3 WASTE PACKAGE HEAT OUTPUT AND BOUNDARY CONDITIONS 
5.3.1 Waste Package Heat Output 
Table 8 lists the heat output versus time for the naval SNF Canister. The values in Table 8 
assume a homogeneous heat generation rate in the SNF cross-section (Assumption 3.4). The 
heat output applied to the finite element representation is from a design basis heat generation 
table provided by the U.S. Navy in Ref. 8.10. 
Table 8. Heat Output of Naval SNF Canister 
5.3.2 Waste Package Boundary Conditions 
The boundary temperature histories applied in this calculation are those given in Attachments IV 
through XXI (attachments 1 through 10 and 13 through 20 of Ref. 8.6) for a design basis 21 
PWR WP. The 21 PWR WP has a smaller outer diameter (1.564 m vs. 1.869 m) and a higher 
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initial heat generation rate (1 1.8 kW vs. 8.01 kW) than the naval long WP. Therefore, the design 
basis 21 PWR boundary temperature history will bound the naval long WP boundary 
temperature history (Assumption 3.1 1). 
5.4 FINITE ELEMENT REPRESENTATION DEVELOPMENT 
The temperature histories for 6 node locations within the WP were calculated. The peak 
temperature results and the time of peak temperature within the finite element representation are 
given in Table 11. The following simplifjfing assumptions were used in development of the 
finite element representation: ~ s s u m ~ t i o n s  3.2,3.5, and 3.9. 
Table 9 lists the accepted data used in.this calculation, along with the pages in this document on 
which the actual values are listed. The data are considered accepted by virtue of the fact that the 
.references from which they came are widely recognized engineering handbooks. 
Table 9. Accepted Data Used in this Calculation 
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6. RESULTS 
This document may be affected by technical product input information that requires 
confirmation. Any changes to the document that may occur as a result of completing the 
confirmation activities will be reflected in subsequent revisions. The status of the input 
information quality may be confirmed by review of the Document Input Reference System 
database. 
The results provided in this section are derived fiom the ANSYS executions. These calculations 
are presented in the output files of Ref. 8.2 (a compact disc [CD]). The input files for each of 
these calculations is provided as part of the output file. Table 10 is the list of files on the CD in 
Ref. 8.2. 
Table 10. Output File ~isting for Reference 8.2 
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Table 1 1 contains the peak temperature profiles for the naval SNF canister and the WP. 
Table 1 1. Peak Temperature Profiles Within the Naval Long WP 
30 years for center, inside and surface of naval canister temperature. 40 years for all other temperatures, 
Figure 1 graphs the temperature profiles for the no-backfill cases with 25 years of pre-closure 
ventilation given in Tables 1 1. Note that the peak temperature times differ. 
Figure 2 graphs the temperature profiles for the no-backfill cases with 50 years of pre-closure 
ventilation given in Tables 1 1. Note that the peak temperature times differ. 
Figure 3 graphs the temperature profiles for the backfill cases with 25 years of pre-closure 
ventilation given in Tables 1 1. Note that the peak temperature times differ. 
Figure 4 graphs the temperature profiles for the backfill cases with 50 years of pre-closure 
ventilation given in Tables 1 1. Note that the peak temperature times differ. 
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Figure 2. Temperature Versus Radial Distance for the Cases Without Backfill (50-yr. ventilation) 
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7. ATTACHMENTS 
The list of attachments is provided in Table 12. 
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Jan 27 13:51 2000 F i l e  Name: propnew03.dat UL-VDC-TH-000001 REV 00 ATTACHMENT I I - Page 1 
/m, ................................................................ 
/CW, ** MSYS 5.0 #PC MATERIAL PROPERTY TABLES ** 
/(.AM, ................................................................ 
/a, ** Filename: propneu03.dat ** 
/a, C-iled by Daniel G. McKenzie tV ont6-28-99 *.* 
/(.AM, ** Revised on 7-20-99 H 
/m, H 
/ -Values comply with n 
/a, " Waste Package Material Properties" ** 
/a, ** by V. Pasupathi ** 
/Cat, ** BBA000000-0717-0200-00017 REV 00 ** 
/CW, ** -A1 1 other Materials Referenced a t  end o f  f i l e  ** 
/CW, ** ** 
/CW, ** Rev03 - Changed Materiel 1 Steel 316 t o  Material 2 ** 
/m, ** Changed Material 8 A i r  t o  Material 1 ** 
/m, " H /a, *******t.***+ttl****mt*t*************************************** 
/a, 
/CW, NUMBER MATERIAL DESCRIPTION 
/cW, 1 A i r  Alternate F i l l  Gas 
/M61, 2 Stainless Steel 316 Basket Structural Support 
/CCM, 3 A516 H i  ld Steel Outer Container (e l  lowance) 
/m, 4 W2 Pe l le t  SNF Uraniun Oxide Pe l le t  
/Cm, 5 Zircaloy 4 SNF Cladding 
/CW, 6 Oxidation Layer Stably Oxidized Zircaloy Surface 
/CW, 7 Heliun Canister F i  ll Gas 
/cow, 9 M i  trogen Alternate F i l l  Gas 
/COM, 10 Argon Alternate F i l l  Gas 
/a, 14 SN F RESERVED FOR SNF PROPERTIES 
/COM, 15 A l loy  22 Carbon Steel Inner Shell (resistant) new 
/CW, 16 Stainless Steel 304L HLU Material 
/CW, 17 Borosi l i ca te  Glass HLU material 
/(.AM, 18 AL 6061 D/E Plates (Thermal Shunts) 
/Cow, 19 Neutronit A 918 A/B/C Plates /a, ................................................................ 
/CW, ** Density: DENS (kg/m"3) ** 
/CW, ** Emissfvity EMIS ** 
/m, ** Cenductivity: IOQ( ( Y / ~ K )  +* 
/(.AM, Specif ic Heat: C (J/ksK) H /cm, ................................................................ 
/CW, 
/CW, Define densities f o r  a l l  materials except gases 
MPTEMP 
MPTEMP, 1, .OOOOOE+OO, 
HPDATA,DENS, 2, 1, .79800E+04, 
MPDATA,DENS, 3, 1, .78500E+04, 
MPDATA,DENS, 4, I, .10960E+05, 
MPDATA,DEWS, 5, 1, .65600E+04, 
nPDATA,DENS, 6, 1, .65000E+04, 
MPDATA,DENS, 7, 1, .16250E+OO, IREF8 p. 19.71 
MPDATA,DENS, 15, 1, .86900E+04, 
RPDATA,DENS,l6, 1, .79400E+04, 
MPDATA,DEWS, 17, 1, .22250E+04, I REF2 p. 755 
MPDATA,DENS, 18, 1, .27100E+04, 
MPDATA,DENS, 19, 1, .77600E+04, 
/m, law Define emissivit ies f o r  a l l  materials except gases 
/a, 
MPDATA,EMIS, 2, 1, .60000E+00, 
MPDATA,EMIS, 3, 1, .80000E+00, 
RPDATA,EHIS, 4, 1, .TQOOOE+OO,IREFl p. 9 11 11 
HPDATA,EHIS, 5, 1, .80600E+00,IREFI p. 12 
HPDATA,EHIS, 6, 1, .80600E+00, IREF1 p. 12 
HPDATA,EMIS, 15, 1, .87000E+00, 
MPDATA,EMIS, 16, 1, .62000E+00, 
WPDATA,EHIS,l7, 1, .810OOE+OO, IREFZ p. 768 
MPDATA,EMIS,18, 1, .07000E+00, 
MPDATA,EHIS, 19, 1, .60000E+00, 
/m, 
/CW, Define specif ic heat f o r  mtl. 4,5,6,7,11,17,18,19 
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/m, 
#PDATA, C, 4, 1, .24310E+03, 
UPDATA, C, 5, 1, .33000E+03, IREF5 p. 2% 
WPDATA, C, 6, 1, .33000E+03,!REFl p. 11 
MPDATA, C, 7, 1, .51930E+04,IREF8p. 19.71 
MPDATA, C,lO, 1, .52100E+03, I R E F ~  p. 19.81 
MPDATA, C , l l ,  1, .90000E+03, 
MPDATA, C,17, 1, .83500E+03, IREF2 p. 755 
MPDATA, C, 18, 1, .96290E+03, 
RPDATA, C, 19, 1, .50000E+03, 
/a, 
/COM, Define conductivity for material 17 
/COM, 
MPDATA, KXX, 17, 1, 1.1, I REF4 p.584 
/a, /a, Define conductivity for material 19 
/COM, 
MPTEMP 
WPTEMP, 1 20.00, 130.00, 260.00, 
UPDATA,KXX,19,1, 10.30, 11.70, 13.40, 
/a, 
/COM, Define K and C for materials 2,3,16, and K for mat11 18 
MPTEMP 
MPTEMP, 1, 1 . 1 ,  37.78, 65.56, 93.33, 121.11, 148.89, 
MPTEMP, 7, 176.67, 204.44, 232.22, 260.00, 287.78, 315.56, 
UPTEHP, 13, 343.33, 371.11, 398.89, 426.67, 454.44, 482.22, 
MPTEMP, 19, 510.00, 537.78, 565.56, 593.33, 621.11, 648.89, 
MPTEMP, 25, 676.67, 704.44, 732.22, 760.00, 787.78, 815.56, 
MPDATA, KXX, 2, 1, 13.33, 13.67, 14.19, 14.54, 15.06, 15.58, 
MPDATA, KXX, 2, 7, 15.92, 16.44, 16.96, 17.31, 17.83, 18.17, 
CIPDATA, KXX, 2,13, 18.52, 19.04, 19.38, 19.90, 20.25, 20.77, 
UPDATA, KXX, 2,19, 21.11, 21.46, 21.98, 22.33, 22.67, 23.02, 
UPDATA, KXX, 2.25, 23.54, 23.88, 24.23, 24.58, 24.92, 25.27, 
MPDATA, C, 2, 1, 482.93, 488.19, 499.38, 500.68, 511.31, 521 -64, IREF3 p. 606 (converted) 
MPDATA, C, 2, 7, 522.43, 528.74, 538.31, 538.73, 544.43, 544.72, IREF3 
MPDATA, C, 2,13, 548.33, 553.57, 553.69, 558.66, 558.69, 566.58,IREF3 
MPDATA, C, 2,19, 566.47, 566.37, 573.84, 573.62, 576.42, 576.17,IREF3 
MPDAM, C, 2,25, 583.15, 582.81, 585.37, 587.88, 587.48, 589.91, IREF3 
MPDATA, KXX, 3, 1, 40.84, 41.36, 41.88, 42.23, 42.23, 42.23, 
MPDATA, KXX, 3, 7, 42.06, 41.88, 41.36, 41.02, 40.50, 39.98, 
HPDATA, KXX, 3,13, 39.29, 38.77, 38.08, 37.56, 36.69, 36.17, 
MPDATA,KXX,3,19, 35.48, 34.61, 33.92, 33.23, 32.36, 31.50, 
MPDATA, KXX, 3,25, 30.29, 28.90, 27.35, 26.48, 26.13, 26.13, 
WPDATA, C, 3, 1, 444.11, 460.92, 477.48, 493.98, 503.52, 513.45,IREF3p. 600 (converted) 
UPDATA, C, 3, 7, 524.25, 535 -62, 344.50, 556.26, 563.14, 570.38, !REF3 
MPDATA, C, 3,13, 582.39, 598.04, 610.24, 622.12, 633.29, 651.67,IREF3 
MPDATA, C, 3,19, 668.47, 688.98, 706.54, 719.45, 750.06, 789.29, I REF3 
WPDATA, C, 3,25, 835.25, 920.48,1134.34,1697.59, 837.70, 763.35, IREF3 
HPDATA, KXX, 16, 1, . 14.88, 15.06, 15.58, 16.10, 16.62, 16.96, 
UPDATA, KXX, 16, 7, 17.48, 18.00, 18.35, 18.87, 19.21, 19.56, 
MPDATA, KXX, 16,13, 20.08, 20.42, 20.77, 21.11, 21.63, 21.98, 
WPDATA, KXX, 16,19, 22.33, 22.85, 23.19, 23.54, 23.08, 24.23, 
WPDATA, KXX, 16,25, 24.75, 25.10, 25.44, 25.79, 26.13, 26.48, 
MPDATA, C, 16, 1, 481.06, 483.46, 493.63, 503.55, 513.21, 517.35,IREF3p. 606 (converted) 
MPDATA, C, 16, .7, 526.61, 532.39, 536.13, 541.57, 545.10, 548.54,IREF3 
MPDATA, C, 16,13, 553.56, 556.81, 559.99, 560.04, 567.65, 567.57, IREF3 
MPDATA, C, 16,19, 570.48, 574.72, 577.47, 580.17, 579.91, 582.52,IREF3 
MPDATA, C, 16,25, 589.20, 588.82, 591.26, 593.65, 596.00, 598.30, IREF3 
MPDATA, KXX, 18, 1, 166.25, 167.64, 169.54, 171.27, 172.65, 174.04, 
MPDATA, KXX, 18, 7, 175.25, 176.29, 
/cm, 
Im, Define K for materials 4, 5, 6 
MPTEHP 
MPTEMP, 1 0.0, 10.0, 20.0, 30.0, 40.0, 50.0, 
UPTEMP, 7, 60.0, 70.0, 80.0, 90.0, 100.0, 110.0, 
RPTMP, 13, 120.0, 130.0, 140.0, 150.0, 160.0, 170.0, 
MPTEMP, 19, 180.0, 190.0, 200.0, 210.0, 220.0, 230.0, 
MPTEMP, 25, 240.0, 250.0, 260.0, 270.0, 280.0, 290.0, 
MPTEMP, 31, 300.0, 310.0, 320.0, 330.0, 340.0, 350.0, 
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MPTEMP, 37, 360.0, 370.0, 380.0, 390.0, 400.0, 410.0, 
MPTEMP, 43, 420.0, 430.0, 640.0, 450.0, 460.0, 470.0, 
MPTEMP, 48, 480.0, 490.0, 500.0, 
MPDMA, KXX, 4, 1, 8.72, 8.54, 8.36, 8.19, 8.03, 7.87,IREFl p. 10 & 11 
MPDATA,KXX,4,7, 7.72, 7.58, 7.44, 7.31, 7.18, 7.05,lREFl 
MPDATA, KXX,4,13, 6.93, 6.82, 6.70, 6.60, 6.49, 6.39,lREFl 
MPDATA,KXX,4,19, 6.29, 6.19, 6.10, 6.01, 5.92, 5.84,IREFl 
MPDATA, KXX, 4,25, 5.76, 5.68, 5.60, 5.52, 5.45, 5.38,lREFl 
MPDATA,KXX,4,31, 5.31, 5.24, 5.18, 5.11, 5.05, 4.99,lREFl 
IPDATA, KXX, 4,37, 4.93, 4.87, 4.81, 4.76, 4-70, 4.65,IREFl 
MPDATA,KXX,4,43, 4.60, 4.55, 4.50, 4.45, 4.40, 4.35,lREFl 
MPDATA, KXX, 4,48, 4.31, 4.27, 4.22,IREFl 
MPDATA, KXX, 5, 1, 12.29, 12.44, 12.58, 12.72, 12.87, 13.01,lREFl p. l o &  11 
MPDATA, KXX, 5, 7, 13.15, 13.28, 13.42, 13.55, 13.69, 13.82,IREFl 
MPDATA, KXX, 5,13, 13.95, 14.08, 14.21, 14.34, 14.46, 14.59,IREFl 
MPDATA, KXX, 5,19, 14.72, 14.84, 14.96, 15.09, 15.21, 15.33,IREFl 
MPDATA, KXX, 5,25, 15.45, 15.57, 15.69, 15.81, 15.93, 16.05,lREFl 
MPDATA, KXX, 5,31, 16.17, 16.29, 16.40, 16.52, 16.64, 16.76, IREF1 
NPDATA, KXX, 5,37, 16.88, 16.99, 17.11, 17.23, 17.35, 17.46,IREFl 
MPDATA, KXX, 5,43, 17.58, 17.70, 17.82, 17.94, 18.06, 18.18,IREFl 
MPDATA, KXX, 5,48, 18.30, 18.42, 18.54,IREFl 
MPDATA, KXX,6, 1, 1.94, 1.94, 1.94, 1.94, 1.94, 1.94,IREFl p. 1 0 & 1 1  
MPDATA, KXX, 6, 7, 1.94, 1.95, 1.95, 1.95, 1.95, 1.95,lREFl 
MPDATA,KXX,6,13, 1.95, 1.95, 1.96, 1.96, 1 %  1.96,lREFl 
HPDATA,KXX,6,19, 1.96, 1.97, 1.97, 1.97, 1.97, 1.98,lREFl 
MPDATA,KXX,6,25, 1.98, 1.98, 1.98, 1.99, 1.99, l.W,!REFl 
IPDATA, KXX,.6,31, 2.00, 2-00, 2-00, 2.01, 2-01, 2.01,IREFl 
MPDATA,KXX,6,37, 2.02, 2.02, 2.02, 2.03, 2.03, 2.03,IREFl 
WDATA, KXX, 6'43, 2.04, 2.04, 2-04, 2.05, 2.05, 2.06,IREFl 
MPDATA,KXX,6,48, 2.06, 2.06, 2.07,IREFl 
/a, /ca, 
/a, Oef ine p, K, C for gases 7, 9, 10. /a, 
HPTEMP 
MPTEMP, 1, -17.76, 4.46, 26.68, 48.91, 71.13, 93.35, 
MPTEMP, 7, 137.79, 160.02, 182.24, 204.46, 226.68, 248.91, 
MPTEMP, 13, 271.13, 293.35, 315.57, 337.79, 382.24, 426.68 
UPDATA,DENS, 7, 1, 0.1909, 0.1756, 0.1626, 0.1514, 0.1416, 0.1331,IREF8 p. 19.71 
HPDATA,DENS, 7, 7, 0.1187, 0.1126, 0.1072, 0.1020, 0.0976, 0.0934,!REF8 
MPDATA,DEUS, 7,13, 0.0895, 0.0860, 0.0828, 0.0798, 0.0745, 0.0697,IREF8 
MPDATA, KXX, 7, 1, 0.1396, 0.1478, 0.1559, 0.1638, 0.1715, 0.1791,IREF8 
MPDATA, KXX, 7, 7, 0.1940, 0.2012, 0.2083, 0.2153, 0.2222, 0.2291, IREF8 
MPDATA, KXX, 7,13, 0.2358, 0.2425, 0.2491, 0.2556, 0.2684, 0.2810,IREF8 
MPDATA, C, 7, 1, 5196.3, 5196.3, 5195.9, 5195.9, 5195.9, 5105.9,!REF8 
MPDATA, C, 7, 7, 5195.9, 5195.9, 5195.9, 5195.9, 5195.9, 5195.9,IREF8 
NPDATA, C, 7,13, 5195.9, 5195.9, 5195.9, 5196.3, 5196.3, 5196.3,IREF8 
MPDATA,DENS, 9, 1, 1.3375, 1.2302, 1.1389, 1.0604, 0.9915, 0.9307,1REF8 p. 19.75 
MPDATA,DENS, 9, 7, 0.8298, 0.7881, 0.7497, 0.7144, 0.6824, 0.6536, IREF8 
MPDATA,DENS, 9,13, 0.6263, 0.6023, 0.5799, 0.5590, 0.5206, 0.4870,!REF8 
MPDATA, KXX, 9, 1, 0.0227, 0.0242, 0.0258, 0.0273, 0.0288, 0.0302,!REF8 
MPDATA, KXX, 9, 7, 0.0330, 0.0344, 0.0357, 0.0370, 0.0384, 0.0397,IREF8 
UPDATA, KXX, 9,13, 0.0410, 0.0423, 0.0436, 0.0449, 0.0475, 0.0501,l REF8 
MPDATA, C, 9, 1, 1042.5, 1042.0, 1042.0, 1042.0, 1042.9, 1043.7,IREF8 
MPDATA, C, 9, 7, 1046.2, 1048.3, 1050.8, 1053.8, 1057.1, 1060.9,IREF8 
MPDATA, C, 9,13, 1064.6, 1068.8, 1073.4, 1078.0, 1088.1, 1098.6.IREF8 
UPDATA,DENS,lO, 1, 1.9094, 1.7556, 1.6243, 1.5121, 1.4144, 1.3279,IREF8 p. 19.81 
MPDATA,DENS,IO, 7, 1.1854, 1.1245, 1.0684, 1.0188, 0.9739, 0,93U,IREF8 
MPDATA,DENS, 10,13, 0.8938, 0.8586, 0.8266, 0.7961, 0.7433, 0.6952, I REF8 
MPDATA, KXX,10, 1, 0.0156, 0.0167, 0.0178, 0.0189, 0.0200, 0.0210, IREF8 
MPDATA, KXX,lO, 7, 0.0230, 0.0239, 0.0248, 0.0257, 0.0266, 0.0275,!REF8 
MPDATA, KXX, 10,13, 0.0283, 0.0292, 0.0300, 0.0308, 0.0324, 0.0339, I REF8 
MPDATA, C,10, 1, 522.5, 522.1, 522.1, 521.6, 521.6, 521.2,IREF8 
MPDATA, C,10, 7, 521.2, 521.2, 521.2, 521.2, 520.8, 520.8,IREF8 
MPDATA, C,10,13, 520.8, 520.8, 520.8, 520.8, 520.8, 520.8,IREF8 
/a, 
/COM, 
/a, Define p,K,C for material 1 (air). 
/m, 
MPTEMP 
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HPTEUP, 1, 1 5  26.85, 76.85, 126.85, 176.85, 226.85, 
UPTEMP, 7, 276.85, 326.85, 376.85, 426.85, 476.85, 526.85, 
MPTEMP, 13, 626.85, 726.85, 
uPDATA,DENS, 1, 1, 1.3947, 1.1614, 0.9950, 0.871 1, 0.7740, 0.6964, IREF2 p. 757 
MPDATA,DENS, 1, 7, 0.6329, 0.5804, 0.5356, 0.4975, 0.4643, 0.4354, IREFZ 
WPDATA,DENS, 1,13, 0.3868, 0.3482, 1 REF2 
UPDATA, KXX, 1, 1, 0.0223, 0.0263, 0.0300, 0.0338, 0.0313, 0.0407,lREFZ 
UPDATA, KXX, 1, 7, 0.0439, 0.0469, 0.0497, 0.0524, 0.0549, O.O573,lREF2 
UPDATA, KXX, 1.13, 0.0620, 0.0667, lREF2 
HPDATA, C, 1, 1, 1006.0, 1007.0, 1009.0, 1014.0, 1021.0, 1030.0,IREFZ 
UPDATA, C, 1, 7, 1040.0, 1051.0, 1063.0, 1075.0, 1087.0, 1009.0,IREFZ 
UPDATA, C,1,13,1121.0,1141.0, 1 REF2 
/COM, 
/a, 
/WM, Define conductivity f o r  materiel 15 
HPTEMP 
HPTEHP, 1, 48, 100, 200, 300, 400, 500, 
HPTEMP, 7, 600, 
UPDATA,KXX,15,1, 10.1, 11.1, 13.4, 15.5, 17.5, 19.5, 
MPDATA, KXX, 15, 7, 21.3, 
/m, /cm, 
/COM, Define speci f ic  heat f o r  material 15 
UPTEMP 
UPTEMP, 1, 52, 100, 200, 300, 400, 500, 
MPTEUP, 7, 600, 
MPDATA, C, 15, 1, 414, 423, 444, 460, 476, 485, 





/COM, REF1 CRUMS U&O 1996. Determination o f  PUR SUF Effect ive Conductivity. 
/COM, BBA 000000-0717-0200 REVO1. Las Vegas, NV: M&O ACC: MOL.19961120.0256. 
/cOM, 
/WM, REF2 Incropera, 'F.P and De Mitt, D.P. 1996. Introduction t o  Heat Transfer, 
/COM, Third Edition. New York, New York: HcGraw-Hi t 1 Book Co. TIC: 206891. 
/cm, 
/COM, REF3 American Society of Mechanical Engineers (ASME) 1995. 1995 ASME Boi l e r  and 
/a, Pressure Vessel Code - Section 11 Materials. New York, New York: ASME. 
/a, TIC: 241170. /cm, 
/COM, REF4 Benedict, M., Pigford, T., Levi, H. Muclear Chemical Engineering, 
/CW, Second Edition. p. 584. New York, New York: WcGraw-Hill Book Conpany. 
/COM, TIC: 243689. 
/m, 
/COM, REF5 Todreas, Ne i l  E., and Kazimi, Mujid S. 1989. Nuclear Systems I: T h e m 1  
/CW, Hydraulic Fudamentals, Hew York, MY: Hemisphere Publishing Corp. 
/COM, TIC: 226511. 
/a, 
/COW, REF6 Lide, David R., ed. CRC Hanclbook o f  Chemistry and Physics, 
/COM, 76th Edi t ion 1995-1996. Boca Raton, FL: CRC Press. TIC: 216194. 
/COM, (converted t o  mass speci f ic  props. using molar mass.39.948 kg/mol from 
/Cm, inside f ron t  cover) 
/a, 
/COM, REF7 MTPRO-Version 11 (Revision 21, A Handbook o f  Uaterials Properties for 
/COM, Use i n  the Analysis of Light Water Reactor Fuel Rod Behavior, WUREG/CR-0497 
/CW, TREE-1280, REG, U.S. DOE/E.G.BG. Idaho National Engineering Laboratory, 
/COM, August 1981. TIC: 209823. 
/a, 
/COH, REF8 American Society o f  Heating, Refrigerating, and Air-condit ioning Engineers, Inc. 
/Cob 1997 ASHRM Handbook Fvldamentals, I nch -Pwd  Edition. Ch.19. Atlanta, CA: 
/ C a ,  ASHRAE. TIC: 237824. 
/m, 
/'x+l, /a, ................................................................ 
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79,1, 1.  
0, I), 31.558 
0, I), 3155800.000 
0, I), 6311600.000 
0, I), 9467300.000 
0, I), 12623000.000 
0, 1). 15779000.000 
0, I), 18935000.000 
0, I), 22090000.000 
0, I), 25246000.000 
0, l), 28402000.000 
0, I), 31558000.000 
0, I), 63115000.000 
0, I), 94673000.000 
0, 1 ), 126230000.000 
0, I), 15?790000.000 
0, I), 189350000.000 
0, 1 ), 220900000.000 
0, l), 252460000.000 
0, l), 284020000.000 
0, 1 ), 315580000.000 
0, I), 473360000.000 
0, I), 631150000.000 
0, I), 788940000.000 
0, I), 788950031.558 
0, I), 789265610.000 
0, I), 789581180.000 
0, l), 789896760.000 
0, I), 790212300.000 
0, I), 790527900.000 
0, I), 790843500.000 
0, I), 791159100.000 
0, I), 791474600.000 
0, I), 791790200.000 
0, I), 792105800.000 
0, I), 795261600.000 
0, I), 798417300.000 
0, 1). 801573000.000 
0, I), 804729000.000 
0, 1 ), 807885000.000 
0, I), 811040000.000 
0, I), 8141%000.000 
0, 11, 817352000.000 
0, 1 ), 820508000.000 
0, 1 ), 852065000.000 
0, 1 ) , 883623000.000 
0, I), 915180000.000 
0, 1 ) , 946740000 .OOO 
0, 1 ), 978300000.000 . 
0, l), 1009850000.000 
0, I), 1041410000.000 
0, I), 1072970000.000 
0, I), 1104530000.000 
0, I), 1420100000.000 
0, I), 1735680000.000 
0, I), 2051250000.000 
0, l), tM6850000.000 
0, 1 ), 2682450000.000 
0, I), 2W7950000.000 
0, 1 ), 3313550000.000 
0, 1 ), 3629150000.000 
0, I), 3944750000.000 
0, 11, 7100450000.000 
0, I), 10256250000.000 
0, I), 13411950000.000 
0, I), 16567950000.000 
0, I), 19723950000.000 
0, 1 ), 22878950000.000 
0, 1 ), 26034950000.000 
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1, I), 248.571 
1, I), 240.53 
1, I), 194.003 
1, I), 175.699 
1, I), 164.632 
1, 11, 156.392 
1, I), 149.558 
1, 11, 144.043 
1, I), 139.321 
1, I), 135.154 
1, l), 131.485 
1, I), 106.145 
1, 11, 98.8209 
1, l), 93.2616 
1, I), 89.1707 
1, I), 85.5276 
1, I), 82.8561 
1, I), 80.5387 
1, I), n.5605 
1, 11, 75.2043 
79'1, 1 
0, 11, 31.558 
0, I), 3155800.000 
0, I), 6311600.000 
0, 11, 9467300.000 
0, I), 12623000.000 
0, I), i~mooo .ooo  
0, l), 18935000.000 
0, 1), 22090000.000 
0, 11, 25246000.000 
0, I), 28402000.000 
0, I), 31558000.000 
0, I), 63115000.000 
0, I), 94673000.000 
0, 1 ) , 126230000.000 
0, I), 157790000.000 
0, I), 189350000.000 
0, I), 220900000.000 
0, I), 252460000.000 
0, 1 ) , 284020000 .OOO 
0, 11, 315580000.000 
0, I), 473360000.000 
0, I), 631150000.000 
0, 1 ) , 788940000.000 
0, I), 788950031.558 
0, I), 789265610.000 
0, I), 789581180.000 
0, 11, 789896760.000 
0, 11, 790212300.000 
0, I ) ,  790527900.000 
0, 1). 790843500.000 
0, l), 791159100.000 
0, I), 791474600.000 
0, I), 791790200.000 
0, I), 792105800.000 
0, I), 795261600.000 
0, I), 798417300.000 
0, I), 801573000.000 
0, 11, 804729000.000 
0, I ), 807885000.000 
0, l), 811040000.000 
0, I), 814196000.000 
0, 1 ), 817352000.000 
0, 1 ), 820508000.000 
0, I), 852065000.000 
0, 11, 883623000.000 
0, 11, 915180000.000 
0, 11, 946740000.000 
0, 1 ), 978300000.000 
0, I), 1009850000.000 
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( 0, l), 1041410000.000 
( :: 0, I), 1072970000.000 
( 52, 0, I), 1104530000.000 
( 53, 0, I), 1420100000.000 
( 54, 0, l), 1735680000.000 
( 55, 0, 1),2051250000.000 
( 56, 0, l), 2366850000.000 
( 57, 0, I), 2682450000.000 
( 58, 0, 11, 2997950000.000 
( 59, 0, I), 3313550000.000 
( 60, 0, I), 3629150000.000 
( 61, 0, I), 3944750000.000 ' 
( 62, 0, I), 7100450000.000 
( 63, 0, I), 10256250000.000 
( 64, 0, 11, 13411950000.000 
( 65, 0, I), 16567950000.000 
( 66, 0, 11, 19723950000.000 
( 67, 0, I), 22878950000.000 
( 68, 0, 11, 26034950000.000 
( 69, 0, I), 29190950000.000 
( 70, 0, 1 ), 32346950000.000 
( 71, 0, I), 63903950000.000 
( 72, 0, 11, 95461950000.000 
( 73, 0, 11, 127018950000.000 
( 74, 0, 11, 158578950000.000 
( 75, 0, I), 190138950000.000 
( 76, 0, I), 221668950000.000 
( 77, 0, I), 253248950000.000 
( 78, 0, 1 ), 284808950000.000 
( 79, 0,1),316368950000.000 
( 1, 1, 11, 62.9203 
( 2, 1, 11, 80.6184 
( 3, 1,1),85.0279 
( 4, 1,1),87.7538. 
( 5, 1, I), 89.8031 
( 6, 1, 11, 91.47 
( 7, 1,1),92.8889 
( 8, 1, 11, 94.1078 
( 9, 1, 11, 95.1785 
( 10, 1,1),96.1292 
( 11, 1,1),96.9783 
( 12, 1, I), 102.354 
( 13, 1, I), 105.045 
( 14, 1, I), 106.627 
( 15, 1, I), 107.639 
< 16, 1. 1). 108.216 
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*SET,YSID ( 26, 1, 1 ,  94.2454 
*sET,USID ( 27, 1 1 91.9328 
*SET,USID ( 28, 1 )  89-7982 
*SET,USID ( 29, 1 1 )  89.6589 
*SET,USID ( 30, 1, 1 ,  108-485 
*SET,USID ( 31, 1, 1 )  128.812 
*SET,VSID ( 32, 1 1 )  143.525 
*SET,USID ( 33, 1 )  155.094 
*SET,YSID ( 34, 1 I 164.67 
*SETINID ( 35, 1, 1 ,  172.853 
*SET,WSID ( 36, 1 1 )  179.984 
*sET,USID ( 37, 1 1 186.255 
*SET,WSID 38, 1, 1 )  191.787 
*SET,USID ( 39, 1 1 )  196.714 
*sET,VSID ( 40, 1 1 225.688 
*SET,WID ( 41, 1 1 240.487 
*SET,VSID ( 42, , ,  249.144 
*SET,WSID ( 43, 1, 1 ,  255.329 
*SET,USID ( 44, 1, 1 ,  260.109 
*SET,YSID ( 45, 1, 1 ,  263.793 
*SET,USID ( 46, 1, 1 ,  266.787 
*SET,USID ( 47, 1 1 ,  269.328 
*sET,~ID ( 48, 1 1 271.54 
*SET,WSID ( 49, 1, 1 ,  283.493 
*SET,USID ( 50, 1 I 289.514 
*SET,USID ( 51, 1, 1 ,  292.574 
*SET,WID ( 52, 1 1  294.407 
*SET,USID ( 53, , 295.486 
*SET,USID ( 54, 1, 1 ,  295.969 
*SET,USID ( 55, 1 ,  296.038 
*SET,VSID ( 56, 1, 1 ,  295.49 
*SET,USID ( 57, 1 ,  294.854 
*SET,WSID ( 58, 1, 1 ,  282.75 
*SET,USID ( 59, 1, 1 268.557 
*SET,VSID ( 60, 1, 1 ,  255.313 
*SET,WID ( 61, 1 ,  243.824 
*SET,USID ( 62, 1, 1 236.9 
*SET,WSID ( 63, 1, 1 230.159 
*SET,USID ( 66, 1, 1 223.164 
*SET,WID ( 65, 1, 1 215.683 
*SETINID ( 66, 1, 1 ,  207.672 
*SET,WSID 67, 1, 1 ,  177.647 
*SET,USID ( 68, 1, 1 ,  166.12 
*SET,USID ( 69, 1 ,  155.264 
*SET,USID ( 70, 1, 1 148.006 
*SET,USID ( 71, 1 1 142.272 
*SET,USID ( 72, 1, 1 ,  137.016 
*SET,WID < 73, 1, 1 ,  132.808 
*SET,WID ( 74, 1, 1 128.77 
*SET,USID ( 75, 1, 1 125.89 
*SET,USID ( 76, 1, 1 ,  103.765 
*SET,USID ( 77, I , ,  96.3036 
*SETINID ( 78, 1, 1 ,  91.2674 
*SET,WIO ( 79, 1, 1 ,  87.5099 
*SET,USID ( 80, 1, 1 ,  84.1135 
*SET,WStD < 81, 1, 1 ,  81.618 
*SET,WlD ( 82, I, 1 ,  79.4356 
*SET,USlD ( 83, 1 ,  76.6233 
*SET,USID ( 84, 1, 1 74.376 
*DtM,WOP ,TABLE, 84, 1, 1 
*SET,WOP ( 1, 0 1 31.558 I 0.0 
*SET,UTOP ( 2, 0, 1 ,  3155800.000 ! 0.1 
*SET,VTOP ( 3, 0, 1 ,  6311600.000 ! 0.2 
*SET,WOP ( 4, 0 1 9467300.000 I 0.3 
*SET,UTOP ( 5, 0 ,  12623000.000 1 0.4 
*SET,UTOP ( 6, 0 1 15779000.000 1 0.5 
*SET,UTOP ( 7, 0, 1 ,  18935000.000 1 0.6 
*SET,VTOP ( 8, 0 1 22090000.000 1 0.7 
*SET,WOP ( 9, 0 1 25246000.000 1 0.8 
*SET,UTOP 10, 0, 1 ,  28402000.000 1 0.9 


































































































































































( 67, 1, 11, 
( 68, 1, 1). 
( 69, 1, I), 
( 70, 1, 1)s 
( 71, 1, 11, 
( 72, 1, 11, 
( 73, 1, 11, 
( 74, 1, I), 
( 75, 1, 11, 
( 76, 1, I), 
( TI, 1, I), 
( 78, 1, l), 
( 79, 1, 11, 
( 80, 1, 11, 
( 81, 1, I), 
( 82, 1, I), 
( 83, 1, 11, 
( 84, 1, I), 






















*SET, M O T  

























































*SET , WOT 
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*SET, WOT 
*SET,WBOT 
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*SET , WW 
















*SET, W O P  
/GO 






































































*SET , WOT 
79,1, 1 
0, I), 31.558 
0, I), 3155800.000 
0, 1), 6311600.000 
0, I), 9467300.000 
0, I), 12623000.000 
0, I), 15TIP000.000 
0, l), 18935000.000 
0, I), 22090000.000 
0, I), 25246000.000 
0, I), 28402000.000 
0, I), 31558000.000 
0, 11, 63115000.000 
0, I), 94673000.000 
0, 1 ) , 126230000.000 
0, l), 157790000.000 
0, I), 189350000.000 
0, I ) ,  220900000.000 
0, 1 ), 252460000 .OOO 
0, 1). 284020000.000 
0, l), 315580000.000 
0, I), 473360000.000 
0, 1). 631150000.000 
0, 1 ), 788940000.000 
0, I), 788950031.558 
0, 11, 789265610.000 
0, I), 789581180.000 
0, I), 789896760.000 
0, I), 790212300.000 
0, I), 790~2mo.000 
0, I), 790843500.000 
0, 11, 791159100.000 
0, 1), 791474600.000 
0, I), 791790200.000 
0, I), 792105800.000 
0, I), 795261600.000 
0, I), 798417300.000 
0, I), 801573000.000 
0, I), 804729000.000 
0, 1 ), 807885000.000 
0, I), 811040000.000 
0, I), 814196000.000 
0, I), 817352000.000 
0, 1 ), 820508000.000 
0, I), 852065000.000 
0, I), 883623000.000 
0, I), 915180000.000 
0, 1 ), 946760000.000 
0, 1 ) , 978300000.000 
0, 1). 1009850000.000 
0, I), 1041410000.000 
0, I), 1072970000.000 
0, I), 1104530000.000 
0, I), 1420100000.000 
0, I), 1735680000.000 
0, 1 ), 2051250000.000 
0, 1 ) , 2366850000 .OOO 
0, l), 2682450000.000 
0, 11, 2997950000.000 
0, I), 3313550000.000 
0, 1 ), 3629150000.000 
0, 1 ) , 3944750000 .OOO 
0, 11, 7100450000.000 
0, I), 10256250000.000 
0, I), 13411950000.000 
0, 1 ), 16567950000.000 
0, I), 19723950000.000 
0, 1 ), 22878950000.000 
0, 1 ), 26034950000.000 
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*SET , WOT 
*SET,UBOT 







































































( 60, 1, 11, 217.716 
( 61, 1, 11, 210.377 
( 62, 1, 11, 169.158 
( 63, 1, 11, 154.953 
( 64, 1, I), 145.775 
( 65, 1, 11, 138.49 
( 66, 1, 11, 132.591 
( 67, 1,1),127.692 
( .a, 1, 11, 123.142 
( 69, 1, 11, 119.279 
( 70, 1, I), 115.843 
( 71, 1,1),96.3687 
( 72, 1,1),87.3938 
( 73, 1, 11, 82.8964 
( 74, 1,1),79.2265 
( 75, 1, I), 76.6146 
( 76, 1, 1),?4.3394 
( 77, 1, 1),72.2714 
( 78, 1, 11, 70.2995 
( 79, 1, I), 68.4039 
,TABLE, 79.1, 1 
( 1, 0,1),31.558 1 0.0 
( 2, 0,1),3155800.000 I 0.1 
( 3, 0, I), 6311600.000 1 0.2 
( 4, 0,1),9467300.000 1 0.3 
( 5, 0, I), 12623000.000 1 0.4 
( 4, 0,1),15779000.000 1 0.5 
( 7, 0,1),18935000.000 1 0.6 
( 8, 0, 11, 22090000.000 1 0.7 
( 9, 0,1),25246000.000 1 0.8 
( 10, 0, 11, 28402000.000 1 0.9 
( 11, 0, 1),31558000.000 I 1  
( 12, 0, 11, 63115000.000 I 2  
( 13, 0, 11, 94673000.000 1 3  
( 14, 0,1),126230000.000 1 4  
( 15, 0,1),157790000.000 1 5  
( 16, 0, 11, 189350000.000 1 6 
( 17, 0,1),220900000.000 1 7  
( 18, 0,1),252460000.000 1 8  
( 19, 0, 11, 284020000.000 1 9 
( 20, 0, 11, 315580000.000 ! 10 
( 21, 0,1),473360000.000 1 1 5  
( 22, 0, I), 631150000.000 1 20 
( 23, 0, 11, 788940000.000 1 25 
( 24, 0.1),788950031.558 125.00 
( 25, 0, I), 789265610.000 1 25.01 
( 26, 0, 11, 789581180.000 1 25.02 
( 27, 0,1),7898%760.000 1 25.03 
( 28, 0,1),790212300.000 125.04 
( 29, 0,1),790527900.000 125.05 
( 30, 0,1),790843500.000 125.06 
( 31, 0, I), 791159100.000 1 25.07 
( 32, 0, I), 791474600.000 1 25.08 
( a, o,i),ni790~00.000 I 25.09 
( 34, 0,1),792105800.000 1 2 5 . 1  
( 35, 0, I), 795261600.000 1 25.2 
( 36, 0, I), 798417300.000 1 25.3 
( 37, 0, I), 801573000.000 1 25.4 
( 38, 0, 1), 804729000.000 1 25.5 
( 39, 0, I), 807885000.000 1 25.6 
( 40, 0, I), 811040000.000 1 25.7 
( 41, 0,1),814196000.000 1 2 5 . 8  
( 42, 0,1),817352000.000 1 2 5 . 9  
( 43, 0, I ) ,  820508000.000 1 26 
( 44, 0, 11, 852065000.000 1 27 
( 45, 0,1),88M23000.000 1 28 
( 46, 0,1),915180000.000 1 29 
( 47, 0, 11, 946740000.000 1 30 
( 48, 0,1),918300000.000' 1 31 
( 49, 0,1),1009850000.000 1 32 
Jan 27 09:59 2000 F i  le  Name: Bf-1.0-=.perm CAL-VDC-TH-000001 REV 00 ATTACHMENT VI I  - Page 4 
( 50, 0, I), 1041410000.000 
( 51, 0, I), 1072970000.000 
( 52, 0, I), 1104530000.000 
( 53, 0, I), 1420100000.000 
( 54, 0, I), 1735680000.000 
( 55, 0, 1). 2051250000.000 
( 56, 0, 11, 2366850000.000 
( 57, 0, 11, 2682450000.000 
( 58, 0, I), 2997950000.000 
( 59, 0, I), 3313550000.000 
( 0, I), 3629150000.000 
( 2: 0. 1). 3944750000.000 
( 62, 0, I), 7100450000.000 
( 63, 0, I), 10256250000.000 
( 64, 0, 11, 13411950000.000 
( 65, 0, I), 16567950000.000 
( 66, 0, I), 19723950000.000 
( 67, 0, I), 22878950000.000 
( 68, 0, I), 26034950000.000 
( 69, 0, 1),29190950000.000 
( 70, 0, I), 32346950000.000 
( 71, 0, l), 63903950000.000 
( 72, 0, I), 95461950000.000 
( 73, 0, I), 127018950000.000 
( 74, 0, 1 ), 1585789500'00.000 
( 75, 0, I), 190138950000.000 
( ' 76, 0, l), 221688950000.000 
( 77, 0, I), 253248950000.000 
( 78, 0, I), 284808950000.000 
( 79, 0, 1),316368950000.000 
( 1, 1, 11, 62.7818 
( 2, 1,1),7&.4426 
( 3, 1,1),82.1614 
( 4, 1, 11, 84.45 
( 5, 1, 11, 86.1607 
( 6, 1, I), 87.5548 
( 7, 1,1),88.7337 
( 8, 1, I), 89.7364 
( 9, 1, 11, 90.6241 
( 10, 1, 11, 91.3953 
( 11, 1, 11, 92.0902 
( 12, 1, l), 96.4297 
( 13, 1,1),98.5422 
( 14, 1, 11, 99.7385 
( 15, 1, 11, 100.464 
( 16, 1, 11, 100.844 
( 17, 1, l), 101.027 
( 18, 1, 1). 101.035 
( 19, 1, 11, 100.933 
( 20, 1,1),100.757 
( 21, 1, 11, 99.0045 
< 22, 1,1),%.668 
( 23, 1, I), 94.1052 
< 24, 1,1),93.9926 
( 25, 1, I), 125.959 
( 26, 1, I), 151.956 
( 27, 1, 1). 170.144 
( 28, I, 11, 184.115 
( 29, 1, I), 195.488 
( 30, 1,1),205.067 
( 31, 1, 11, 213.26 
( 32, 1, l), 220.378 
( 33, 1,1),226.632 
( 34, 1, I), 232.157 
( 35, 1, 11, 266.112 
< 36, 1,1),282.336 
( 37, 1, 11, 292.714 
( 38, 1, 11, 300.14 
( 39, 1,1),305.537 
( 40, 1, I), 309.799 







































































( 41, 1, 11, 313.397 
( 42, 1, 1). 316.39 
( 43, 1, 11, 318.92 
( 44, 1,1),333.258 
( 45, 1, I), 339.825 
( 46, 1, 11, 343.267 
( 47, 1, I), 344.82 
( 48, 1, I), 345.5% 
( 49, 1, 0, 345.378 
( 50, 1, I), 345.132 
< 51, 1, 11, 343.996 
( 52, 1,1),342.325 
( 53, 1, 1),321.995 
( 54, 1, l), 300.776 
( 55, 1,1),280.546 
( 56, 1, 1),263.029 
( 57, 1, l), 247.653 
( 58, 1,1),235.413 
( 59, 1,1),225.994 
( 60, 1, I), 218.655 
( 61, 1, I), 211.291 
( 62, 1, I), 169.898 
( 63, 1, I), 155.603 
( 64, 1, I), 146.351 
( 65, 1, 11, 139.014 
( 66, 1, 11, 133.079 
( 67, 1, l), 128.138 
( 68, 1, I), 123.552 
( 69, 1, I), 119.661 
( 70, 1, I), 116.192 
( n, I, 11, wi.5804 
( n, I, 11, 87.5577 
< 73, 1, 11, 83.0483 
( 74, 1, I), 79.3658 
( 75, 1,1),76.7475 
( 76, 1,1),74.4654 
( 77, 1,1),72.3908 
( 78, 1, 11, 7U.4121 
( 79, 1, 'I), 68-51 
,TABLE, 79.1, 1 
( 1, 0,1),31.558 
( 2, 0, 11, 3155800.000 
( 3, 0, I), 6311600.000 
( 4, 0, 11, 9467300.000 
( 5, 0, I), 12623000.000 
( 6, 0,1),15779000.000 
( 7, 0, I), 18935000.000 
< 8, 0, I), 22090000.000 
< 9, 0, l), 25246000.000 
( 10, 0, I), 28402000.000 
( 11, 0, 1),31558000.000 
( 12, 0, I), 63115000.000 
( 13, 0, 11, 94673000.000 
( 14, 0, 11, 126230000.000 
( 15, 0, 11, 157790000.000 
( 16, 0, 11, 189350000.000 
( 17, 0, I), 220900000.000 
( 18, 0, I), 252460000.000 
( 19, 0, I), 284020000.000 
( 20, 0, 11, 315580000.000 
( 21, 0, 11, 473360000.000 
( 22, 0, I), 631150000.000 
( 23, 0, 11, 788940000.000 
( 24, 0, 11, 788950031.558 
( 25, 0, 11, 789265610.000 
( 26, 0, 11, 789581180.000 
( 27, 0, I), 789896760.000 
( 28, 0, 1),790212300.000 
( 29, 0, I), 790527900.000 
( 30, 0, I), 790843500.000 







































































0, l), 791159100.000 1 
0, I), 791474600.000 ! 
0,1),T91790200.000 1 
0,1),792105800.000 1 
0, I), 195261600.000 ! 
0, I), 798417300.000 I 
0, I), 801573000.000 ! 
0, I), 804729000.000 1 
0, 1 ) , 807885000.000 1 
0, l), 811040000.000 1 
0,1),8141%000.000 ! 
0,. 1 ), 817352000.000 ! 
0, I), 820508000.000 1 
0, 1 ), 852065000.000 1 
0, I), 883623000.000 1 
0, I), 915180000.000 1 
0, I), 946740000.000 1 
0, 1 ), 978300000.000 ! 
0, 1). 1009850000.000 1 
0, I), 1041410000.000 I 
0, 1 ) , 1072970000.000 ! 
0, I), 1104530000.000 ! 
0, I), 1420100000.000 ' 1 
0, I), 1735680000.000 1 
0, I), 2051250000.000 ! 
0, I), 2366850000.000 1 
0, I), 2682450000.000 1 
0, I), 2997950000.000 1 
0, I), 3313550000.000 1 
0, I), 3629150000.000 ! 
0, 11, 3944750000.000 ! 
0, 1 ), 7100450000.000 ! 
0, 1 ), 10256250000.000 1 
0, I), 13411950000.000 1 
0, I), 16567950000.000 1 
0, 1 ), 19723950000.000 ! 
0, 1 ), 22878950000.000 1 
0, I), 26034950000.000 1 
0, I), 29190950000.000 1 
0, I), 32346950000.000 1 
0, 1 ), 63903950000.000 1 
0, 11, 95461950000.000 1 
0, I), 127018950000.000 I 
0, 11, 158578950000.000 ! 
0, 11, 190138950000.000 1 
0, 11, 221688950000.000 1 
0, 11, 253248950000.000 ! 
0, l), 284808950000.000 ! 
0, I), 316368950000.000 ! 
1, 11, 64.4878 
1, I), 77.9365 
1, .1), 81.657 
1, 11, 83.95 
1, 11, 85.6466 
1, 11, 87.0638 
1, I), 88.2432 
1, l), 89.2501 
1, I), 90.1385 
1, I), 90.9137 
1, I), 91.609 
1, 11, 95.9671 
1, 11, 98.092 
1, I), 99.2973 
1, I), 100.031 
1, I), 100.419 
1, 11, 100.609 
1, 11, 100.625 
1, I), 100.529 
1, I), 100.359 
1, 11, 98.6346 



































































































































, TABLE I 84, 
( 1, 0, I), 
( 2, 0, 11, 
( 3, 0 , l ) I  
( 4, O, l ) ,  
( 5, 0, 1)I 
( 6, O, l ) ,  
( 7, 0, 11, 
( 8, O a l ) ,  
< 9, 
( 10, 0, 11, 
( 11, 0, ? ) I  
( 12, 0 , l ) I  
( 13, 0, I), 
( 14, 0, 11, 
( 15, 0, 11, 
( 16, O , l ) ,  
( 17, 0, I), 
( 18, 0, 
( 19, 0, I), 
( 20, 0, 11, 
( 21, 0, l), 
( 22, or 11, 
( 23, 0, 11, 
( 241 01 11, 
< 25, 0, I), 
( 26, 0 I l ) I  
( 27, O r l ) ,  
( 28, 0, 11, 
( 29, 0 I l ) I  
( 30, O , l ) ,  
( 31, 0, 11, 
( 321 0, 111 
( 33, O, l ) ,  
( 34, 0 I l ) I  
( 35, 0, 11, 
( 36, O, l ) ,  
( 37, 0, 11, 
( 38, O s l ) ,  
( 39, 
( 40, O , l ) ,  
( 41, Or 11, 
( 42, O s l ) ,  
( 43, 
( 44, 0, I), 
( 45, 0, 
( 46, 0, 11, 
( 47, 0, 11, 
( 48, 0, 1). 
( 491 01 1)1 
( 501 0, 111 
( 51, 0, I), 
< 52, 0, 11, 
( 53, Oil), 
( 54, 0, I), 
( 55, 0, I), 
< 56, 0, 1 ) s  
( 57, 0, 11, 
< 58, 0 ~ 1 ) ~  
( 59, 0, I), 
( 60, 0, I), 
( 61, 0, 1 ) s  
( 62, On 11, 
( 63, 0, 11, 
< 64, 0, I), 
( 65, O , l ) ,  
( 66, 0, 1)r 
( 67, O, l ) ,  
( 68, 0, 11, 
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*SET,UTOP ( 67, 1 1 155.729 
. *SET,UTOP ( 68, 1 1 144.525 
*sET,uTOP ( 69, 1 1 137.045 
*SET,wOP ( 70, 1 130.671 
*SET,UTOP ( 71, 1 1 125.636 
*SET,UTOP ( 72, 1 1 121.281 
*SET,UTOP ( 73, 1 1 117.382 
*SET,UTOP ( 74, 1 1 113.912 
*SET,UTW ( 75, 1 1 111.066 
*SET,UTOP ( 76, 1 )  93.3406 
*SET,UTOP ( n, 1, 1 ,  85.1309 
*SET,WTOP ( 78, 1, 1 ,  .81.0476 
*SET,WTOP ( 79, 1, 1 ,  77.7058 
*SET,UTOP < 80, 1, 1 ,  75.2707 
*SET,UTOP ( 81, 1, 1 ,  73.1482 
*SET,WOP ( 82, 1 1 ,  71.2008 
*SET,UTOP ( 83,' 1 ,  69.3275 
*SET,WTOP ( 84, 1 1 ,  67.5589 
/GO 
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*SET , UBOT 
*SET, WOT 






























*SET , WOT 






















*SET , UBOT 
*SET,WBOT 
*SET, WBOT 
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*SET , WOT 




























































*SET, M O T  
























































































*SET ,US I D  
*SET,USID 
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*SET . WOT 






*SET , WOT 
DIl, 1 
0, I), 31.558 
0, 1), 3155800.000 
0, I), 6311600.000 
0, 1 ), 9467300.000 
0, I), 12623000.000 
0, I), 15779000.000 . 
0, I), 18935000.000 
0, I), 22090000.000 
0, 1). 25246000.000 
0, I), 28402000.000 
0, I), 31558000.000 
0, I), 63115000.000 
0, I), 94673000.000 
0, 1 ) , 126230000.000 
0, I), 157790000.000 
0, I), 189350000.000 
0, I), 220900000.000 
0, I), 252460000.000 
0, 11, 284020000.000 
0, 1 ), 315580000.000 
0, I), 473360000.000 
0, 1). 631150000.000 
0, 1 ), 788940000.000 
0, l), 788950031.558 
0, 1 ) , 789265610.000 
0, I), 789581180.000 
0, I), 789896760.000 
0, I), 790212300.000 
0, I), 790527900.000 
0, I), 790843500.000 
0, l), 791159100.000 
0, I), 791474600.000 
0, I), 791790200.000 
0, I), 792105800.000 
0, l), 795261600.000 
0, 11, 798417300.000 
0, 1 ), 801573000.000 
0. 11, 804n90oo.000 
0, 1 ) , 807885000.000 
0. 1). 811040000.000 
0, I), 814196000.000 
0, 11, 817352000.000 
0, I ) ,  820508000.000 
0, l), 852065000.000 
0, I), 883623000.000 
0, I), 915180000.000 
0. 1 ), 946740000.000 
0, 11, 978300000.000 
0, 11, 1009850000.000 
0, 11, 1041410000.000 
0, I), 1072970000.000 
0, l), 1104530000.000 
0, 1 ), 1420100000.000 
0, 1 ) , 1735680000.000 
0, 1 1, 2051250000.000 
0, I), 2366850000.000 
0, 1 ), 2682450000.000 
0, 1 ), 2997950000.000 
0, I), 3313550000.000 
0, I), 3629150000.000 
0, 1). 3944750000.000 
0, I), 7100450000.000 
0, I), 10256250000.000 
0, I ) ,  1341 1950000.000 
0, I), 16567950000.000 
0, 1), 19723950000.000 
0, I), 22878950000.000 
0, 1 ), 26034950000.000 





































































*SET, M O T  
*SET, WOT 












































































































































































( 50, 0, I), 1041410000.000 
( 51, 0, 11, 1072970000.000 
( 52, 0, 0, 1104530000.000 
( 53, 0, 11, 1420100000.000 
( 54, 0, 11, 1735680000.000 
( 55, 0, 11, 2051250000.000 
( 56, 0, 1),2366850000-000 
( 57, 0, 1). 2682450000.000 
( 58, 0, f), 2997950000.000 
( 59, 0, l), 3313550000.000 
( 0, I), 3629150000.000 
( 0, 1). 39447S0000.000 
( 62, 0, I), 7100450000.000 
( 63, 0, 11, 10256250000.000 
( 64, 0, I), 13411950000.000 
( 65, 0, I), 16567950000.000 
( 66, 0, 11, 19723950000.000 
( 67, 0, I), 22878950000.000 
( 68, 0, l), 26034950000.000 
( 69, 0, 11, 29190950000.000 
( 0, 1 ) , 32346950000 .OOO 
( 0, I), 63Pm950000.000 
( n, o, I), s546i~soooo.000 
( 73, 0, I), 127018950000.000 
( 74, 0, I), 158578950000.000 
( 75, 0, 11, 190138950000.000 
( 76, 0, I), 221688950000.000 
( n, o, 11, 2532~8950000.000 
( 78, 0, I), 284808950000.000 
( 79, 0, I), 316368950000.000 
( 1, 1, I), 62.9203 
( 2, 1, 11, 80.6184 
( 3, 1, I), 85.0279 
( 4, 1,1),87.7538 
( 5, 1, 11, 89.8031 
( 6, 1,1),91.47 
( 7, 1,1),92.8889 
( 8, 1,1),94.1078 
< 9, 1, 11, 95.1785 
( 10, 1, 11, 96.1292 
( 11, 1, I), 96.9783 
( 12, 1,1),102.354 
( 13, 1, I), 105.045 
( 14, 1, 11, 106.627 
( 15, 1, l), 107.639 
( 16, 1, 0, 108.216 
( 17, 1,1),108.549 
( 18, 1, 11, 108.67 
( 19, 1, 11, 108.667 
( 20, 1, I), 108.551 
( 21, 1, 11, 106.947 
( 22, 1, 11, 104.539 
( 23, 1, 0, 101.884 
( 24, 1,1),101.717 
( 25, 1,1),136.427 
( 26, 1, 11, 149.141 
( 27, 1,11,154.908 
( 28, 1, 11, 157.828 
( 29, 1,1),159.577 
( 30, 1, 1). 160.817 
( 31, 1, I), 161.801 
( 32, 1, I), 162.693 
( 33, 1,1),163.581 
( 34, 1,1),164.453 
( 35, 1, I), 170.775 
( 36, 1, I ) ,  174.659 
( 37, 1, I), 178.519 
( 38, 1, 11, 181.994 
( 39, 1, 11, 184.675 
( 40, 1,1),187.034 
Jan 27 09:59 2000 F i l e  #me: UoBf-0.1-25.pam CAL-VDC-TH-000001 REV 00 ATTACHMENT XI11 - Page 5 







































































( 31, 0, I), 791159100.000 
( 32, 0, 11, 791474600.000 
( 33, 0, 11, 791790200.000 
( 34, 0, 1). 792105800.000 
( 35, 0, I), 795261600.000 
( 36, 0, I), 79&G1?300.000 
( 37, 0, I), 801573000.000 
( 38, 0, I), 804729000.000 
( 39, 0, 11, 807885000.000 
( 40, 0, 11, 811040000.000 
( 41, 0, I), 814196000.000 
( 42, 0, I), 817352000.000 
( 43, 0, I), 820508000.000 
( 44, 0, I), 852065000.000 
( 45, 0, I), 883623000.000 
( 46, 0, I), 915180000.000 
( 47, 0, 1). 946740000.000 
( 48, 0, 1). 978300000.000 
( 49, 0, I), 1009850000.000 
( 50, 0, l), 1041410000.000 
( 51, 0, I), 1072970000.000 
( 52, 0, I), 1104530000.000 
( 53, 0, 11, 1420100000.000 
( 54, 0, I), 1735680000.000 
( 55, 0, I), 2051250000.000 
( 56, 0, l), 2366850000.000 
( 57, 0, I), 2682450000.000 
( 58, 0, 1),2997950000.000 
( 59, 0, I), 3313550000.000 
( 60, 0, 11, 3629150000.000 . 
( 61, 0, I), 3944750000.000 
( 62, 0, I), 7100450000.000 
( 63, 0, l), 10256250000.000 
( 64, 0, I), 13411950000.000 
( 65, 0, I), 16567950000.000 
( 66, 0, I), 19723950000.000 
( 67, 0, 11, 2287&950000.000 
( 68, 0, I), 26034950000.000 
( 69, 0, 1),29190950000.000 
( 70, 0, 11, 32346950000.000 
( 71, 0, 0, 63903950000.000 
( 72, 0, 1),95461950000.000 
( 73, 0, I), 127018950000.000 
( 74, 0, 11, 158578950000.000 
( 75, 0, 11, 190138950000.000 
< 76, 0, I), 221688950000.000 
( n, o, 11, 253248950000.000 
C 78, 0, I), 284808950000.000 
( , 0, 0, 316368950000.000 
( 1, 1, I), 64.6516 
( 2, 1, 11, 79.9163 
( 3, 1, I), 84.327 
< 4, 1, 11, 87.0625 
( 5, 1, 11, 89.1184 
( 6, 1,1),90.7927 
( 7, 1,1),92.2143 
< 8, 1,1),93.4374 
( 9, 1, I), 94.5121 
( 10, 1, I), 95.4667 
( 1 1  1, I), 96.3194 
( 12, 1,1),101.725 
( 13, 1,1),104.435 
( 14, 1, 11, 106.032 
( 15, 1, 11, 107.055 
( 16, 1, 11, 107.645 
( 17, 1, l), 107.987 
( 18, 1, I), 108.12 
( 19, 1, 11, 108.125 
( 20, 1, 11, 108.018 
( 21, 1,1),106.454 
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*SET , WBOT 
*SET,UBOT 
































3 5  2000 F i l  
,TABLE, 
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*SET, M O T  
*SET ,WOT 
*SET, UBOT 
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I, 81 1040000.000 
I, 81 4196000.000 
I, 81 7352000.000 





* 978300000 .OOO 








I , 2682450000 .OOO 
1 ), 2997950000.000 
I ,  3313550000.000 
I), 3629150000.000 
I), 3944750000.000 
11, 71 00450000.000 
I, 10256250000.000 
I, 1341 1950000.000 
1, 16567950000.000 
, 19723950000.000 
) I  22878950000.000 





I, 12701 8950000 .OOO 






I I 64 A878 
I, 77.9365 
, 81.657 
















I ,  100.359 
I, 98.6346 



















































































*SET , WOT 
*SET,WBOT 
*SET,VBOT 
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*SET, UBOT 
*SET, WOT 
*SET , WOT 






















































































73; 1, 11, 
74, 1, 11, 
15, 1, 11, 
76, 1, 11, 
77, 1, 11, 
78, 1, I), 
79, 1, 1). 
80, 1, 11, 
81, 1, I), 
82, 1, I), 
83, 1, 11, 
84, 1, 11, 
ILE. 84. 
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*SET,WTOP 
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*SET,YTOP ( 81, 0, 11, 222477900000.000 I 7050 
*SET,WOP ( 82, 0, I , 254037900000~000 1 8050 
*ET,WOP ( 83, 0 1 28559fP00000.000 1 9050 
*SET,UTOP ( 84, 0 1 ,  317157900000.000 1 10050 
*SET,UTOP < 1, 1, 1 ,  64.4878 
*sET,UTOP ( 2, 1 1 T1-9365 
*SET,YTOP ( 3, 1, 1 ,  81.657 
*sET,UTOP ( . 4, 1 1 83-95 
*SET,UTOP ( 5, 1 85.6666 
*SET,UTOP ( 6, I, I, 87.0638 
*sET,WOP 7, 1 1 88.2432 
*sET,WOP ( 8, 1 1 89.2501 
*sET,WOP ( 9, 1 1  90.1385 
*SET,UTOP < 10, 1, 1 90.9137 
*sET,UTOP ( 11, 1 1  91.609 
*sET,WOP ( 12, 1 95.9671 
*SET,WOP ( 13, 1, 1 )  98.092 
*SET,UTOP ( 14, 1 1 99.2973 
*sET,UTOP ( 15, 1 1 ,  100.031 
*SET,WTOP ( 16, 1, 1 ,  100.419 
*SET,UTOP ( 17, 1 1  100.609 
*SET,UTOP ( 18, 1 1 100.625 
*SET,UTOP ( 19, 1 1 100.529 
*SET,UTOP ( 20, 1 1 100.359 
*SET,UTOP ( 21, 1 ,  98.6346 
*SET,UTOP ( 22, 1 1 96.321 
*SET,WOP ( 23, 1 1 ,  93.7798 
*SET,UTOP < 24, 1 1 91.3044 
*SET,UTOP ( 25, 1, 1 ,  88.9522 
*SET,UTOP ( 26, 1, 1 ,  86.6882 
*SET,WOP ( 27, 1 1 ,  84.541 
*SET,UTOP ( 28, 1 , l  82.5897 
*SET,WOP ( 29, 1 1 ,  82.4849 
*SET,UTOP ( 30, 1 1 108.945 
*SET,UTOP ( 31, 1, 1 118.353 
*SET,WOP ( 32, 1 1 ,  122.497 
*SET,WOP ( 33, 1 1 124.75 
*SET,UTOP ( 34, 1 ,  126.203 
*SET,VfOP ( 35, 1, 1 127.267 
*SET,MOP ( 56, 1, 1 ,  128.108 
*SET,UTOP ( 37, 1 1 128.816 
*SET,UTOP ( 38, 1 ,  129.432 
*SET,WOP ( 39, 1 1 129.98 
*SET,WOP ( 40, 1, 1 133.449 
*SET,WOP ( 41, 1 1 135.632 
*SET,UTOP ( 42, 1 1 137.266 
*SET,UTOP ( 43, 1, 1 ,  138.549 
*SET,UTW < 44, 1 , l  139.582 
*SET,WTOP ( 45, 1 1 140.462 
*SET,UTOP ( 46, 1, 1 141.219 
*SET,UTOP ( 47, 1 1 ,  141.892 
*SET,UTOP ( 48, 1 ,  142.563 
*SET,WOP ( 49, 1 1 148.592 
*SET,UTOP ( 50, 1 1 152.21 
*SET,UTW ( 51, I , ,  154.917 
*SET,UTOP ( 52, 1 ,  156.392 
*SET,WOP ( 53, 1, 1 158.16 
*SET,UTOP ( 54, 1 159.231 
*SET,UTOP ( 55, 1 1 ,  159.712 
*SET,UTOP ( 56, 1 1 160.046 
*SET,UTOP ( 57, 1 1 160.513 
*SET,UTOP ( 58, 1 1 158.922 
*SET,YIOP ( 59, 1 154.171 
*SET,WOP ( 60, 1 1 149.423 
*SET,UTOP ( 61, 1 1 145.174 
*SET,UTOP ( 62, 1 1 143.231 
*SET,WW ( 63, 1 1 140.829 
*SET,UTOP ( 64, 1 1 ,  138.323 
*SET,UTOP ( 65, 1 1 ,  135.285 
*SET,UTOP ( 66, 1 1 132.142 
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/NOPR 
*DIM,UBOT ,TABLE, 84, 1 I 1 
*SET,UBOT ( 1, 0, I), 31.558 I 0.0 
*SET,WBOT ( 2, 0, 11, 3155800.000 I 0.1 
*SET,WBOT ( 3, 0 ,  6311600.000 1 0.2 
*SET,UBOT ( 4, 0 9467300.000 I 0.3 
*SET,UBOT ( 5, 0 1 ,  126~000.000 1 0.4 
*SET,WBOT ( 6, 0, 1 ,  15779000.000 1 0.5 
*SET,WOT ( 7, 0 , )  18935000.000 1 0.6 
*SET,WBOT ( 8, 0 1 22~0OOO.OO0 1 0.7 
*SET,WBOT ( 9, 0 ,  25246000.000 1 0.8 
*SET,YBOT ( 10, 0, 1 ,  28402000.000 I 0.9 
*SET,UBOT ( 11, 0 1 ,  31558000.000 I 1  
*SET,UBOT ( 12, 0, 1 ,  63115000.000 ' 1 2  
*SET,UBOT ( 13, 0, 1 ,  94673000.000 1 3  
*SET,WOT ( 14, 0 , )  126230000.000 1 4  
*SET,UBOT ( 15, 0, 1 ,  157790000.000 1 5  
*SET,UBOT ( 16, 0 1 ,  189350000.000 1 6  
*SET,WBOT ( 17, 0, 1 , 220900000.000 1 7  
*SET,WBOT ( 18, 0, 1) , 252460000.000 1 8  
*SET,VBOT ( 19, 0 1 ,  284020000.000 1 9  
*SET,VBOT ( 20, 0 , )  315580000.000 1 10 
*SET,UBOT ( 21, 0, 1 ,  473360000.000 I 15 
*SET,UBOT ( 22, 0, 1 ,  631150000.000 I 20 
*SET,UBOT ( 23, 0, 11, 788940000.000 1 25 
*SET,UBOT ( 24, 0, 1 ,  946730000.000 1 30 
*SET,UBOT ( 25, , 1104500000.000 1 35 
*SET,WOT ( 26, 1 1262300000.000 1 40 
*SET,VBOT ( 27, 0, 1 ,  1420100000.000 1 45 
*SET,UBOT ( 28, 0, 1 ,  1577900000.000 I 50 
*SET ,WBOT ( 29, 0, 1 ,  1577900031.558 ! 50.00 
*SET,UBOT ( 30, 0, 1 ,  1578215610.000 1 50.01 
*SET,WBOT ( 31, 0, 1 ,  1578531180.000 1 50.02 
*SET,WBOT ( 32, 0 ,  1578846760.000 I 50.03 
*SET,WBOT ( 33, 0, 1 ,  1579162300.000 1 50.04 
*SET,WBOT ( 34, 0, 1) , 1579477900.000 I 50.05 
*SET,UBOT ( 35, 0, 1 ,  1579793500.000 1 50.06 
*SET,UBOT ( 36, 0, 1 ,  1580109100.000 1 50.07 
*SET,UBOT ( 37, 0 1 1580424600.000 ! 50.08 
*SET,UBOT ( 38, 0, 1 , 1580740200.000 1 50.09 
*SET,UBOT ( 39, 0, 1 ,  1581055800.000 1 50.1 
*SET,WBOT ( 40, 0 , )  1584211600.000 1 50.2 
*SET,VBOT ( 41, 0 1  1587367300.000 1 50.3 
*SET,UBOT ( 42, 0, 1 ,  1590523000.000 1 50.4 
*SET,WOT ( 43, 0 , )  1593679000.000 1 50.5 . 
*SET,YBOT ( 44, 0 , )  1596835000.000 1 50.6 
*SET,UBOT ( 45, 0, 1 ), . 1599990000.000 1 50.7 
*SET,UBOT ( 46, 0, 1 ,  '1603146000.000 1 50.8 
*SET,WOT ( 47, 0, 1 ,  1606302000.000 1 50.9 
*SET,UBOT ( 48, 0 1 1609458000.000 1 51 
*SET,WBOT ( 49, 0, 1 ,  1641015000.000 I 52 
*SET,WBOT ( 50, 1 ,  1672573000.000 1 53 
*SET,WOT ( 51, 1 ,  1704130000.000 1 54 
*SET,UBOT ( 52, 0, 1 1735690000.000 1 55 
*SET,UBOT ( 53, 0 , )  1767250000.000 1 56 
*SET,UBOT ( 54, 0, 1 , 1798800000.000 1 57 
*SET,UBOT ( 55, .0, I), 1830360000.000 1 58 
*SET,UBOT ( 56, 0, 1 ,  1861920000.000 ! 59 
*SET,UBOT ( 57, 0, 1 ) , 1893480000.000 1 60 
*SET,WBOT < 58, 0, 1 ) 2209050000.000 1 7 0  
*SET,WBOT ( 59, 0, 1 ,  2524630000.000 1 80 
*SET,UBOT ( 60, 0 1 )  2840200000.000 1 90 
*SET,YBOT ( 61, 0 , )  3155800000.000 1 100 
*SET,UBOT ( 62, 0, 11, 3471400000.000 1 110 
*SET,WOT ( 63, 0, 1 ,  3786900000.000 1 120 
*SET,UBOT ( 64, 0 1 ,  4102500000.000 1 130 
*SET,UBOT ( 65, 0, 1 ,  4418100000.000 1 140 
*SET,UBOT ( 66, 0, 1 , 4733700000.000 ! 150 
*SET ,WBOT ( 67, 0 , 1 ) 7889400000.000 1 250 
*SET,WOT ( 68, 0 1 11045200000.000 f 350 









































































































































































































































































































































































































































































































































*SET , UBOT 
*SET, UBOT 
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*SET,USID ( 50, 0, I, 1041410000.000 I n 
*SET,WSID ( 51, 1 ,  1072970000.000 I 3.4 
*SET,WSID ( 52, 1 ,  1104530000.000 1 35 
*SET,WSID ( 53, 0 1 1420100000.000 I 45 
*SET,USID ( 54, 0 1 1735680000.000 f 55 
*SET,USID ( 55, 0 , )  2051250000~000 1 65 
*SET,USID ( 56, 0, 1 ,  2366850000.000 1 7 5  
*SET,USID ( 57, 0, 1 ,  2682450000.000 1 85 
*SET,WSID ( 58, 0, 1 ,  2997950000.000 1 95 
*SET,WSID ( 59, 0, 1 ,  3313550000.000 ! 105 
*SET,WSID ( 60, 0, 1 ,  3629150000.000 1 115 
*SET,WSID ( 61, 0 ,  3944750000.000 1 125 
*SET,BID ( 62, 0, 1 ,  7100450000.000 ! 225 
*SET,WSID ( 63, 0, 1 ,  10256250000.000 1 325 
*SET,USID ( 64, 0, 1 ,  13411950000.000 1 425 
*SET,VSID ( 65, 0 1 ,  16567950000.000 1 525 
*SET,USID ( 66, 0 , )  19723950000.000 ! 625 
*SET,rSID ( 67, 0, I, 22878950000.000 I 725 
*SET,WSID ( 68, 1 ,  26034950000.000 1 825 
*SET,USID ( 69, 0, 1.1, 29190950000.000 1 '925 
*SET,VSID ( 10, 0, 1 ,  32346950000.000 1 1025 
*SET,WSID < 71, 0 ,  63903950000.000 1 2025 
*SET,USID ( 72, 0, I), ~461%0000.000 1 3025 
*SET,WSID ( 13, 0, 1 ,  127018950000.000 1 4025 
*SET,WSID ( 74, 0, 1 ,  158578950000.000 1 5025 
*sET,WID ( 75, 0, 1 ,  190138950000.000 1 6025 
*SET,USIO ( 76, 0, 1 ,  221688950000.000 I 7025 
*SET,WSID ( n, o, 11, ~~324~~soooo.000 I 8025 
*SET,USID ( 78, 0 1 ,  284808950000.000 1 9025 
*SET,WSID ( 79, 0, 1 ,  316368950000.000 1 10025 
*SET,VSID ( 1, 1, 1 ,  62.9877 
*SET,USID ( 2, 1, 1 ,  76.9302 
*SET,USID ( 3, 1, 1 ,  80.1014 
*SET,USID ( 4,  1, 1 ,  82.0468 
*SET,WSID ( 5, 1 ,  83.4896 
*SET,WSID ( 6, 1, 1 ,  84.6589 
*SET,WSID ( 7, 1, 1 ,  85.647 
*SET,USID ( 8, 1, 1 ,  86.4881 
*sET,~ID ( 9, 1 1 87.2135 
*SET,USID ( 10, 1 ,  87.8628 
*SET,USIO ( 11, 1, 1 ,  88.4391 
*SET,WSID ( 12, 1, 1 ,  91.9501 
*SET,USID ( 13, 1 1 ,  93.5951 
*SET,WSID ( 14, 1, 1 ,  94.4972 
*SET,USID ( 15, 1, 1 ,  94.9958 
*SET,USID ( 16, 1 ,  95.1972 
*SET,VSID ( . 17, 1, 1 ,  95.263 
*SET,VSlD ( 18, 1, 1 ,  95.1591 
*SET,USIO ( 19, 1 ,  94.9747 
*SET,WSID ( 20, 1, 1 )  94.7442 
*SET,USID ( 21, 1 ,  92.848 
*SET,USID ( 22, 1, I ,  90.5251 
*SET,WSID ( 23, 1, 1 88.0723 
*SET,WSID ( 24, 1, 1 ,  88.0015 
*SET,WSID ( 25, 1 ,  126.548 
*SET,WSID ( 26, 1 1 139.291 
*SET,WSID ( 27, 1, 1 ,  144.594 
*SET,WSID ( 28, 1, 1 ,  147.272 
*SET,VSID ( 29, 1, 1 ,  148.92 
*SET,WSID ( 30, 1, 1 ,  150.103 
*SET,USID ( 31, 1, 1 ,  151.039 
*SET,USID ( 32, 1, 1 ,  151.825 
*SET,USID ( 33, 1, 1 ,  152.507 
*SET,WSID ( 34, 1, 1 153.111 
*SET,WSID ( 35, 1 ,  156.942 
*SET,USID ( 36, 1, 1 ,  159.178 
*SET,MID ( 37, 1, 1 ,  160.778 
*SET,USID ( 38, 1, 1 ,  162.104 
*SET,USID ( 39, 1 ,  163.589 
*SET,USIO ( 40, 1 ,  165.139 
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*SET,WOP 



























































































*SET , UBOT 
*SET,UBOT 
*SET.UBOT 
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*SET, M O T  
*SET, WOT 
*SET,WOT 
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Heat Flux on the Surface of the Navy Canister 
A hand calculation has been performed to determine the heat flux on the surface 
of the navy canister. The calculation was repeated for several time steps measured from 
the initial time of &te package emplacement. The heat transfer due to convection was 
considered insignificant on the basis of the extremely small convection cell. The peak 
temperature present on the surface of the navy canister and the cavity wall of the waste 
package was assumed uniform over their respective surfaces. The peak temperatures 
were taken from ANSYS calculations. The ANSYS calculation considered the current 
design of the repository (0.1-m waste package gap, 25 yrs. of ventilation, and no 
backfill). The radiation heat transfer was calculated in two dimensions (2-D) for 
concentric cylinders (Reference 8.1 1, p. 699): 
Where a represents the Stefan-Boltzmann constant of 5.67 x 10' W . m-2 . k-" , 
7;, is the surface temperature of the navy canister, Tw, is the temperature present on the 
wall of the waste package cavity, E, is 0.6 the emissivity of the navy canister, E , .  is 0.6 
the emissivity of the inner shell of the waste package, rs is 0.8382 meters and represents 
the radius of the navy canister, r,,, is 0.8595 meters and represents the cavity radius of 
the waste package. 
The conduction heat transfer was calculated in one dimension for a 1-inch plane 
wall of helium (Reference 8.1 1, p. 5). 
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q" = k T s  - -w,s 
L 
(Equation 2) 
Where k is the thermal conductivity of helium at 160" C (2.01 3 W/mok), and L 
is the distance from the navy canister surface to the cavity wall (0.0213 meters). 
The time steps, navy canister surface temperature at each time step, and cavity 
wall temperature at each time step are enumerated in Table 1. 
The time steps, navy canister surface temperature at each time step, and heat flux 
present on the surface of navy canister at each time step are presented in Table 2. 
Table 1 Inputs for Heat Transfer Hand Calculation 
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Table 2 Results of the Hand Calculation 
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